Cooking oil fumes (COF) contain polycyclic aromatic hydrocarbons (PAHs), heterocyclic aromatic amines, benzene, and formaldehyde, which may cause oxidative damages to DNA and lipids. We assessed the relations between exposure to COF and subsequent oxidative DNA damage and lipid peroxidation among military cooks and office-based soldiers. The study population, including 61 Taiwanese male military cooks and a reference group of 37 office soldiers, collected urine samples pre-shift of the first weekday and post-shift of the fifth workday. We measured airborne particulate PAHs in military kitchens and offices and concentrations of urinary 1-OHP, a biomarker of PAH exposure, urinary 8-hydroxydeoxyguanosine (8-OHdG), a biomarkers of oxidative DNA damage, and urinary isoprostane (Isop). Airborne particulate PAHs levels in kitchens significantly exceeded those in office areas. The concentrations of urinary 1-OHP among military cooks increased significantly after 5 days of exposure to COF. Using generalized estimating equation analysis adjusting for confounding, a change in log(8-OHdG) and log(Isop) were statistically significantly related to a unit change in log(1-OHP) (regression coefficient (b), b ¼ 0.06, 95% CI 0.001-0.12) and (b ¼ 0.07, 95% CI 0.001-0.13), respectively. Exposure to PAHs, or other compounds in cooking oil fumes, may cause both oxidative DNA damage and lipid peroxidation.
INTRODUCTION
Stir frying and deep frying in cooking oil, central features of Chinese cooking, produce high concentrations of oil fumes. Cooking oil fumes (COFs) constitute a complex mixture, and this mixture varies according to the type of cooking practice (e.g., boiling, broiling, and frying) and the type of cooking oils (e.g., rapeseed oil, lard, and soybean oil), as well as according to the use of fume extractors. Cooking habits and the use of fume extractors are biologically plausible determinants of lung cancer risk because they influence the exposure concentrations of established mutagens and carcinogens emitted from oil fumes, including polycyclic aromatic hydrocarbons (PAHs), heterocyclic aromatic amines, benzene, and formaldehyde. 1, 2 Among them, PAHs are well documented for their mutagenic and carcinogenic potential. Pyrene is commonly found in mixtures of PAHs, and it has metabolites, such as 1-hydroxypyrene (1-OHP) and 1-hydroxypyreneglucuronide (1-OHPG-gluc), which can be measured in human urine. These metabolites have previously been used as biomarkers of recent exposure to COF in restaurant workers. 3 Previous studies have demonstrated increased oxidative stress in subjects exposed to environmental air pollution 4, 5 through the assessment of oxidative damage to DNA, lipids, or proteins. Attacks on DNA by reactive oxygen species frequently result in oxidative DNA damage. Urinary 8-hydroxydeoxyguanosine (8-OHdG) is a biomarker of oxidative DNA stress reflecting its repair from DNA. Biomonitoring in humans has demonstrated that 8-OHdG may be correlated with oxidative stress and damage to DNA. 6 Reactive oxygen species may be also responsible for oxidative changes in lipids. 7 Free radicals may induce peroxidation of arachidonic acid generating F2-isoprostanes. 8 Urinary or plasma F2-isoprostanes are thought to be useful markers of lipid peroxidation.
In general, military cooks are younger and healthier, have a shorter work history, serve more people and have longer working hours in cooking compared with ordinary professional cooks. There is limited evidence regarding the application of this biomarker in individuals with high exposure to PAHs, such as military cooks, who are considered to be exposed to high levels of COFs. Sampling at the beginning and end of the working week is justified when the half-life of biomarker of exposure is longer than 5 h because of possible accumulation, which is the case with urinary 1-OHP as a biomarker of exposure to COFs. Previous studies applied a cross-sectional design and collected post-shift urine samples only. 3, 9, 10 In the present study, we assessed longitudinally the relations between exposure to oil fumes and subsequent oxidative DNA and lipid peroxidation damages among military cooks and office-based soldiers. In addition, we examined military cooks to evaluate whether urinary 1-OHP could 1 Department of Public Health, National Defence Medical Centre, Taipei, Taiwan, ROC; be used as a biomarker of exposure to oil fumes in a longitudinal study design.
METHODS

Study Population
We conducted a longitudinal study among 61 male military cooks who were exposed to COFs at work and a reference group of 37 male administrative personnel. Study subjects were recruited from three military bases in the northern, central, and southern areas of Taiwan. All the military bases are located in the rural area where there are no industrial emissions within 10 km. To achieve comparability of the two groups, we selected a similar number of cooks and office workers from the northern, central, and southern areas. Both the exposed and the reference groups constituted of healthy soldiers who lived and ate together in the corresponding areas of military camp. We distributed a questionnaire to the subjects, inquiring details of personal characteristics such as age, education, smoking habits, medical history, consumption of broiled, grilled and barbecued food, and use of personal protective equipment. Workers were asked to collect urine samples from a pre-shift of the first weekday (Monday) and a post-shift of the fifth workday (Friday). This study was approved by the institutional review board of the Tri-Service General Hospital in Taipei, Taiwan. All participants signed informed consent forms before study enrolment.
Determinants and Outcome of Interest
The determinant of interest (i.e., exposure biomarker) was the urinary concentration of 1-OHP following completion of the work shift. The outcome of interest (i.e., outcome biomarker) was the urinary concentration of 8-OHdG following completion of the work shift.
Data Collection
Questionnaire. At the beginning of the study, we distributed a questionnaire to the participants. Details on cooking conditions and habits were collected. Each questionnaire contained inquiries about personal characteristics (e.g., age; education; smoking habits; medical history; cooking history; use of cooking fuel(s); cooking oil(s); cooking practice(s); and ventilation conditions (a dichotomous variable); and the use of a fume extractor in the kitchen). A daily diary contained entries on the number of cigarettes smoked; second-hand smoke exposure; consumption of broiled, grilled, or barbecued foods; use of incense, candles, or mosquito coils; and use of personal protective equipment. Because stir frying, frying, and deep frying are the three cooking techniques that are typically used to prepare Chinese food, we also measured how frequently cooks used each technique. We also asked about their regular cooking habits, including whether they waited for fumes to be emitted from cooking oils before they began to cook. According to the concepts of traditional Chinese cooking, quick frying in oils that have been heated to reach high temperatures keeps food as fresh as possible.
Urine samples. We collected pre-shift urine samples on the first day of the workweek from both the exposure and reference groups. Immediately following the last shift of each workweek, each soldier provided a urine sample in a brown polyethylene 50-ml container labelled with the subject's identification number and date and time of collection. Standard laboratory practice was followed to ensure contamination-free collection of the urine specimens. The samples were stored in a cooler with dry ice and transported to the School of Public Health, National Defence Medical Centre, where they were maintained at À 80 1C until analysis. Urine samples were centrifuged after thawing.
Particulate PAHs. Area particulate PAH samplings were conducted on seven kitchens and three offices during the sampling period of 5 consecutive days. A total of 50 PAH samples were obtained, including 35 kitchen samples and 15 office samples. Air samplers (Personal Environmental Monitors, SKC761-203, SKC, Eighty Four, PA, USA) with a size cut of 2.5 mm were used to collect PM 2.5 (PM with aerodynamic diameters less than or equal to 2.5 mm) at 4 l/min on Teflon filters (37 mm, Pall corporation, Ann Arbor, MI, USA) for approximately 9 h.
Analysis of Air Samples
After sampling, filters were added with surrogate standards and preserved in brown glassware in À 4 1C. These filters were extracted by three-time 15-min sonication with a 10 ml of hexane:methylene chloride mixture (volume ratio 1:4). Extracts were concentrated down to about 0.5 ml under a gentle stream of nitrogen, cleaned up with silica gel, and concentrated again to about 200 ml to be analyzed.
PAH analysis was performed on an API 3000 atmospheric pressure photoionization -tandem mass spectrometry (APPI-MS/MS) from Applied Biosystems/MDS SCIEX (Toronto, Canada), connected to a Waters 2695 high-performance liquid chromatography system (HPLC, Waters, Milford, MA, USA). To compare with previous studies associated with exposure to COF, the concentrations of the five PAH species in the filter were determined, including pyrene (Pyr), benzo(a)anthracene (BaA), benzo(k)-fluoranthene (BkF), benzo(a)pyrene (BaP), and benzo(ghi)perylene (BghiP). The total PAH content was defined as the sum of the contents of the five PAH compounds. This study yielded recovery efficiencies (corrected by the two internal standards of CHR-d12, and PER-d12) of the 21 PAH compounds from 0.74 to 0.964 (average ¼ 0.894). The limits of detection (LODs) of the 21 PAH compounds were determined based on the analysis of serial dilutions of PAH standards. Their values were in the range of 14-114 pg. The limit of quantification of a given PAH compound was defined as its LOD divided by the sampling air volume. The range of LOQs for the 21 PAH compounds was 6.5-52.8 pg/m 3 . Analyses of field blanks (Teflon filters) found no significant contamination (i.e., GC/MS-integrated areaodetection limit).
Analysis of urinary 1-OHP. All urine samples were analyzed to determine their 1-OHP concentration by the HPLC method first developed by Jongeneelen et al. 11 and adopted in our previous study. 12 The detection limit of the method was 5.43 ng, according to the data obtained from seven repeated analyses at a concentration 15.0 ng/dl. The reproducibility of the method, determined by repeated analysis of urine samples at concentrations from 2.85 to 9.99 mg/dl, was found with variation coefficients ranging from 1.87 to 8.40%.
Analysis of 8-OHdG. Levels of urinary 8-OHdG were determined using the indirect competitive enzyme-linked immunosorbent assay (ELISA) (New 8-OHdG Check; Institute for the Control of Aging, Fukuroi, Shizuoka, Japan) according to Maeshima et al., 13 Lai et al. 14 and Chuang et al. 15 The coefficient of variation of the assay was within 6% during the period of sample analysis. The results were expressed as ng/ml.
Analysis of urinary isoprostane. The quantification of 15-F2t-isoprostane in urine, the product of free radical-mediated peroxidation of lipoproteins, was determined by a competitive ELISA using Urinary isoprostane kit (Oxford Biomedical Research, Oxford, OH, USA) in accordance with the manufacturer's recommendations. The lower limit of reliable detection was suggested as 0.2 ng/ml. The lowest value of 15-F2t-isoprostane detected by ELISA in our study was 1.3 ng/ml. The coefficient of variation of the assay was 5-10% during the period of sample analysis.
Analysis of urinary cotinine and creatinine. Cotinine levels were measured with ELISA kits from Calbiotech, Spring Valley, CA, USA. The coefficient of variation of the assay was within 7% during the period of sample analysis. The urinary creatinine was analyzed using a creatinine kit from Sigma (St. Louis, MD, USA). The coefficient of variation of the assay was within 5% during the period of sample analysis.
Statistical Methods
Initially, we adopted the Spearman correlation analysis to evaluate the correlation between pyrene levels and levels of other PAHs in kitchens and office areas. Wilcoxon rank-sum tests were used to compare differences in work place PAH levels between kitchens and offices. We compared the distribution of 1-OHP and 8-OHdG concentrations between the exposed and reference groups. We compared concentrations and applied both parametric (unpaired t-test) and non-parametric (Wilcoxon rank-sum test) statistical tests between the exposed and reference groups. We then compared the concentrations of 8-OHdG and isoprostane between the post-shift and pre-shift samples by using the paired t-test for the exposed and reference groups. Post-shift and pre-shift differences of 8-OHdG and isoprostane levels were placed on the y-axis, and post-shift and pre-shift differences of 1-OHP were placed on the x-axis in plots. We assessed the determinants of 8-OHdG and isoprostane levels using the method of generalized estimating equations (GEE), which accounted for correlated successive measurements in the same individuals. As the creatinine-corrected urinary level was the dependent variable in the multivariate analyses, independent variables may have been unrelated to the chemical concentration itself, but related to the urinary creatinine concentration. 16 In the linear regression and GEE analyses, we used the creatinine-unadjusted urinary chemical level as the dependent variable to determine significant predictors of exposure to that chemical. All the analyses were performed with the STATA 11 statistical package. Table 1 lists the particulate PAH levels in the kitchens and offices of area monitoring. The median levels of pyrene, benzo(a) anthracene, and benzo(ghi)perylene in the kitchens were significantly higher than those in the offices. The median levels of total PAHs in the kitchens were also significantly higher than those in the offices. Pyrene levels were significantly correlated with BaA, BkF, Bap, Bghi levels, and total PAHs in both kitchens and offices (data not shown).
RESULTS
Particulate Polycyclic Aromatic Hydrocarbon (PAH) Levels between Military Kitchens and Offices
Study Population
The characteristics of the study population were compared between the exposed and reference groups ( Table 2 ). The mean age of the exposed and reference group was 21.4 years (SD ¼ 1.8 years) and 23.1 years (SD ¼ 2.4 years), respectively. The exposed subjects were less educated, measured as the percentage of college educated, than the reference group (21.3 vs 70.3%, respectively). There were more current smokers among the exposed subjects (60.7%) than among the reference individuals (36.0%).
The mean pre-shift number of cigarettes smoked per day in the exposed and reference groups were 17 and 11, respectively. The mean post-shift number of cigarettes smoked per day in exposed and reference groups were 15 and 6, respectively.
On average, military cooks spent 6 months cooking (data not shown). Most military cooks were chefs. Only 21% were executive and assistant cooks. The daily average time spent cooking was 6.3 hours. Lunch and dinner took much more time than breakfast. They worked an average of 5.2 days for an average of 11 working hours. Stir frying was the most frequent method military cooks used. Bottle propane gas and underground line propane gas were regular cooking fuels.
Comparison of the Mean of Intraindividual Differences between
Post-shift and Pre-shift Urinary 1-OHP and 8-OHdG Concentrations among the Exposed and Reference Groups Following 5 days exposure, only exposed subjects demonstrated a statistically significant increase in urinary 1-OHP compared with pre-shift. We stratified the military cooks as chefs and assistant cooks, and results showed greater increasing magnitude of 1-OHP in chefs than that in assistant cooks after 5 days exposure (data not shown). A significant decrease was found between preshift and post-shift in reference group (Po0.05).
The levels of urinary 8-OHdG and urinary isoprostane were higher at pre-shift compared with that of post-shift in both exposed and reference groups in general. As shown in Table 3 , the means of post and pre-shift differences in 1-OHP of exposed and reference groups were 0.25 (95% CI À 0.17 to 0.66) and À 0.28 (95% CI À 0.50 to À 0.06), respectively. The difference between the group means was 0.53 (95% CI 0.11 to 0.94). The mean of intraindividual post-shift and pre-shift differences in 8-OHdG of exposed and reference groups was À 6.23 ng/ml (95% CI À 8.73 to À 3.74) and À 7.82 ng/ml (95% CI À 10.72 to À 4.92), respectively. The difference between the group means was 1.74 ng/ml (95% À 1.56 to 5.03). Regarding to the mean of intraindividual post-shift and pre-shift differences in isoprostane of exposed and reference groups was À 0.83 ng/ml (95% CI À 1.27 to À 0.40) and À 0.66 ng/ml (95% CI À 1.14 to À 0.18), respectively.
Relations between Urinary 8-OHdG, Isoprostane and Urinary 1-OHP We examined the relationship where post-shift and pre-shift difference of log(8-OHdG) and log(isoprostane) levels are shown on the y-axis and post-shift and pre-shift difference of log(1-OHP) are shown on the x-axis in Figures 1 and 2 , respectively. There was a statistically significant relationship between post-shift and pre-shift difference of log(8-OHdG) levels and post-shift and pre-shift difference of log(1-OHP) levels (R 2 ¼ 0.41, Po0.001). Further there was also a statistically significant relationship between post-shift and pre-shift difference of log(isoprostane) levels and post-shift and pre-shift difference of log(1-OHP) levels (R 2 ¼ 0.24, Po0.001).
The relations between urinary 8-OHdG, isoprostane, and urinary 1-OHP were examined using GEE analysis, which included adjustments for the potential confounders -age and current smoking habit (Table 4) . A significant increase in the group (exposed vs reference) and time (post-shift vs pre-shift) interaction effect was observed, which indicated the accumulation of outcome biomarkers during the working week was on average greater in the exposed than the reference group. In the GEE analysis adjusted for confounding, a change in log(8-OHdG) and log(isoprostane) were statistically significantly related to a unit change in log(1-OHP) (b ¼ 0.06, 95% CI 0.001-0.12) and (b ¼ 0.07, 95% CI 0.001-0.13), respectively. Comparing post-shift with preshift, there was a 0.03 ng/ml increase in log8OHdG. Comparison of the exposed to the reference group revealed a 0.02 ng/ml increase in log8OHdG. Neither the group nor the time effect was statistically significant. The increase in 8-OHdG concentration was statistically significant with increasing urinary creatinine.
DISCUSSION
The above results showed that indoor air concentrations of total PAHs and pyrene in military kitchens were closely correlated. It was also demonstrated that COFs exposure among military cooks was higher than exposure among office workers. Airborne particulate PAH levels in kitchens significantly exceeded those in office areas. The mean intraindividual post-shift and pre-shift difference in 1-OHP was statistically significantly greater among the exposed compared with reference group indicating that exposure to COFs over the working week increases the levels of exposure biomarker. There was a statistically significant relation between the log-transformed urinary exposure biomarker (1-OHP) and the urinary measure of DNA damage (8-OHdG). This relation did not change substantially when adjusting for determinants of 8-OHdG, such as cigarette smoking and age.
Validity of Results
The strength of this study was in longitudinal design and the possibility of intraindividual comparison of change in the outcome biomarker in relation to the level of and change in the exposure biomarker. There is no temporal ambiguity concern. A daily diary was used to take into account the exposure related to PAHs on the previous day. To achieve comparability of the two groups, we selected a reference group from the northern, central, and southern areas, with similar distributions within each exposed group. None of the workers reported consumption of broiled, grilled, and barbecued food 24 h before urine collection. The two groups were healthy soldiers that lived and ate together, but differed in certain potential determinants of urinary 1-OHP, which might have influenced the comparison. Smoking was a strong determinant of urinary 1-OHP levels, and there were more smokers among the cooks (Pearson X 2 ¼ 9.9, P ¼ 0.002) compared with office work soldiers. We controlled potential confounding by two analytical approaches. In the comparison between the exposed and reference groups, the intraindividual outcome comparison eliminated the potential confounding. In the assessment of the relations between change in exposure and outcome biomarkers, the GEE models were applied for adjustment for age and smoking.
Previous studies indicated that N45 overestimates 8-OHdG levels, but they also showed that levels determined by ELISA using N45 correlate well with their LC/MS/MS method. 17, 18 Il'yasova et al. 19 indicated that ELISA measurements overestimate F2-Isoprostane levels compared with the GC/MS measurements. Although the ELISA is less accurate than the GC/MC method, levels determined by ELISA correlate well with the corresponding GC/MS method (r ¼ 0.51 (Po0.01)). Gariti et al. 20 showed that the concordance of ELISA test with GC/MS was excellent (kappa ¼ 0.736, Po0.001). The sensitivity and specificity of cotinine ELISA method were 90.5% and 90.6%, respectively. It would be of interest to use more advanced methods of analysis for 8-OHdG and isoprostane in these subjects in the future.
Synthesis with Previous Knowledge
Our findings are consistent with those of Pan et al., 9 who reported that oxidative DNA damage was associated with exposure to COF. 9, 21 Pan et al. 9 applied summed concentration of five PAHs which included pyrene(Pyr), benzo(a)anthracene (BaA), benzo(k) fluoranthene (BkF), benzo(a)pyrene (BaP), and benzo(ghi)perylene (BghiP). The median sum of PAHs was 24.8 ng/m 3 in the kitchens and 4.8 ng/m 3 in the dining areas. The corresponding median concentrations of pyrene were 2.9 ng/m 3 and 0.3 ng/m 3 . In our study, the median concentrations in the kitchens were lower; the Figure 2 . Relationship of post-shift and pre-shift differences of log(Isoprostane) (ng/ml) on the y-axis and post-shift and pre-shift differences of log(1-OHP) (ng/ml) on the x-axis. Log(Isoprostane) ¼ À 0.16 þ Log(1-OHP) Â 0.31; R 2 ¼ 0.24, Po0.001. ISop, Isoprostane. Table 3 . Comparison of mean pre and post-shift concentrations of 8-OHdG and Isoprostane among the exposed and reference groups and comparison of the mean of intraindividual differences between the exposed and the reference groups. the geometric mean of urinary 8-OHdG among the kitchen staff was 7.0 mg/g creatinine and of urinary 1-OHP 4.1 mg/g creatinine, being significantly higher than the corresponding values among the service staff (4.7 mg/g and 1.8 mg/g creatinine respectively). In the present study, the mean levels of post-shift urinary 8-OHdG and 1-OHP concentrations among the non-smoking military cooks were 7.96 mg/g creatinine and 0.51 mg/g creatinine at the postshift. Similarly, 1-OHP levels were not related to the total amount of time spent in the kitchen during the workweek. The amount of food cooked and the cooking time may be less sensitive exposure assessment parameters because the most common cooking method in the military kitchen is stir frying, where the ingredients are raw or partially cooked by pan frying, and the process itself takes only a few minutes. A large proportion of time might be spent on preparation of the ingredients during which the exposure to COFs is minimal or non-existent.
Our findings clearly show that cooking increases PAH exposure. Stir frying is an important cooking practice and involves high temperatures, but the process itself takes only a few minutes. Chefs always pour hot oil and wait until the desired pot temperature. Sometimes, the visible oil fume is used as an indicator of desired pot temperature. We found that almost all the cooks (96.1%) would turn on fume extractors whenever they cooked. When we asked whether kitchens were full of COFs whenever they cooked, we observed a significantly increased urinary 1-OHP trend (z ¼ 1.98, P ¼ 0.05) for those who reported such increased frequencies (data not shown). Cooks from the central area reported their kitchens to be full of COFs more frequently (92%) than cooks from the north (60%) and south (61%). Traffic was recognized as a major contributor to PAH concentration in the urban atmosphere. Our exposed cooks and the office work soldiers generally lived and ate together and thus the dietary contribution of PAHs was expected to be similar. On the basis of local air monitoring data, the mean levels of particulate matter were highest in the southern military base, PM 2.5 58 mg/m 3 (SD 13) and 96 mg/m 3 (SD 18), followed by the central base, 50 mg/m 3 (SD 19) and 89 mg/m 3 (SD 36), and the lowest in the northern base, 35 mg/m 3 (SD 11) and PM 10 57 mg/m 3 (SD 23). We balanced the potential influence of different levels of air pollution on exposure and outcome biomarkers by recruiting similar numbers of exposed and reference subjects from each geographical area, and therefore the traffic pollution was not a likely explanation for differences in change of outcome biomarkers between the cooks and the office workers. Wei et al. 22 found that differences in the levels of particulate pollution among the Chinese, Malay and Indian stalls may be attributed to the different cooking methods employed at the food stalls. The most important parameter appears to be the predominant cooking method used. Frying processes, especially deep frying, produce more air pollutants, possibly due to the high oil temperatures used in such operations. Deep frying at the Malay stall or stir frying at the Chinese stall gave rise to an abundance of higher molecular weight PAHs, whereas low-temperature cooking, such as simmering at the Indian stall, had a higher concentration of lower molecular weight PAHs.
The observation of lower levels of 1-OHP, isoprostane and 8-OHdG on post-shift compared with pre-shift in the reference group warrants consideration. Based on their report, both the cooks and the office workers smoked less towards the end of the week, which could at least partially explain the lower post-shift values in both biomarkers of exposure and outcome. The urinary cotinine measurements showed the same phenomenon. A previous study showed that the half-life of 1-OHP is about 6-35 h. 23 The 8-OHdG represents the DNA repair process for damage from exposure over a longer time period. 24, 25 The higher levels of 1-OHP and 8-OHdG at the pre-shift could be explained by a higher consumption of cigarettes during the weekend.
Exposure to second-hand tobacco smoke was recorded in the daily diary, but there was no influence on urinary 8-OHdG and isoprostane concentrations. This could be explained by the smoke-free regulation both in kitchens and office space and therefore exposure to second-hand smoke was minimal. In the linear regression and GEE analyses, creatinine was a significant determinant for all three biomarkers. Adjustment for creatinine is a common practice when assessing the concentration and determinants of urinary metabolites. Creatinine reflects liver and renal function, muscle activity and correspondingly age in a complex manner. The effect of creatinine can also be explained by the fact that it is an indicator for urine dilution.
Sato et al. 26 reported that extreme physical activity could increase the excretion of urinary 8-OHdG. No extreme training was reported during the period of data collection, but the office soldiers performed regular exercise more commonly than the exposed group. Regular and mild exercise has a beneficial effect on the maintenance of low levels of 8-OHdG. Urinary creatinine is also a by-product of muscle exercise. We also found that urinary creatinine concentrations were higher in the control group in comparison with the exposed group. The difference in mean urinary creatinine levels between exposed and reference groups could possibly, at least partly, be explained to be due to the higher temperature in the kitchen environments.
Although almost all the cooks (96.1%) turned on fume extractors during cooking, the levels of urinary 1-OHP increased during 5 days of exposure to COF. The possible explanations are that the fume extractors are not positioned appropriately, and ventilation is not efficient. Chiang et al. 2 found that fume samples were mutagenic when the fume extractor was located 70 cm above the oil surface, only weakly or not at all when the distance was 50 cm or less. More recently, a new engineering intervention measure, an embracing air curtain device has been demonstrated to be effective in reducing COFs. 27, 28 Levels of PM10, PM2.5 and PM10 in kitchen air were reduced with 55.7-65.8%. The levels of particulate PAHs were also reduced after the introduction of the embracing air curtain device. Properly designed, installed and maintained extractors prevent exposure by capturing the COF at its source and removing it before reaching the breathing zone. However, the statement ''properly designed, installed and maintained'' does not fully convey the complicated nature of extractor design or the importance of extractor maintenance. The number of windows in the kitchen, the sizes of openings to the outside, and ventilation conditions are also important determinants of the effectiveness of fume extractor. 29 The oil fume collected from heated edible oils, including rapeseed oil, soybean oil, peanut oil, and animal oil, at a high temperature were noted to possess mutagenicity and genetic toxicity. 1, 21, 30 Another important explanation is that most military kitchens use vegetable oil rather than lard oil because it is low in cholesterol. However, vegetable oil containing unsaturated fatty acids was found to be more unstable than lard oil at higher temperatures and could emit benzo[a]pyrene, not present in lard oil fumes.
1 Therefore, changing cooking habits or cooking at lower temperatures, installing a well-designed fume extractor in the kitchen and adequate extractor maintenance should be encouraged.
Conclusions
Our results indicate that exposure to cooking oil fumes increases the urinary concentration of 8-OHdG, and isoprostane suggesting that these might be useful biomarkers of oxidative stress from cooking oil fume exposure. Our data suggest that exposure to PAHs or possibly other compounds in cooking oil fumes may cause oxidative DNA damage. A well-designed fume extractor and adequate extractor maintenance practice are highly recommended for use in military kitchens. Controlled intervention studies are needed to assess whether a well-designed engineering intervention can reduce occupational exposure to cooking oil fumes and changes in oxidative DNA damage among military and other professional cooks.
